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(54) ELECTROPHOTOGRAPHIC TONER 

(57) This invention relates to a toner for electropho- 
tography which develops an electrostatically charged 
image, the toner at least containing a coloring agent, a 
binder resin, a charge control agent, and a functioning 
agent, wherein low molecular weight polyolefin wax 
obtained by a metallocene type polymerization catalyst 
is contained as the function imparting agent The toner 
of the invention is excellent in fixability, and has offset 
preventing properties, heat response characteristic, 
anti-spent toner properties, and storage stability, which 
can thus obtain a sharp, high quality image. 
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Description 

Technical Field 

5 The present invention relates to a toner for electrophotography. More specifically, this invention relates to a toner in 
a one-component or two-component dry developer, which toner exhibits excellent f ixability, offset preventing properties 
and heat response characteristic at the time of fixing. 

Background Art 

10 

In recent years, electrophotographic copiers and printers have gained popularity because of widespread office 
automation. With this background, there has been growing demand for electric power saving and downsizing of the 
machines in addition to high speed copying. 

General formulations for toners in electrophotographic copiers and printers are shown in Table 1. One of the main 

15 factors for improving the f ixabilrty and offset preventing properties is a functioning agent, a component of the toner. Wax 
for use during the production of the toner, in particular, affects a binder resin, a principal constituent of the toner, and 
proves useful for improving tiie ftxability, offset preventing properties and heat response characteristic. 

That is, an electrophotographic copier or printer feeds a toner to a latent image on a latent image can'ier to obtain 
a visible image, tiien transfers the resulting toner image to a plain paper or an OHP film, and fixes tiie transfen'ed image. 

20 Currentiy, wide varieties of waxes are used in this field. Among them, low molecular weight polyethylene waxes and low 
molecular weight polypropylene waxes are in wide use. The current methods of producing polyetiiylene waxes and 
polypropylene waxes mainly employ Ziegler-Natta catalysts, and are classified into the polymerization process and tiie 
depolymerization process. However, waxes produced by tiiese metiiods are defective in that tiie ratio of tiie weight 
average molecular weight Mw to tiie number average molecular weight Mn. the Mw/Mn ratio, exceeds 2, resulting in 

25 poor heat response characteristic. This adversely affects tiie fixability and offset preventing properties. Consequentiy, 
toners using such waxes cannot fully meet tiie social demand for saving in electric power and downsizing of tiie 
machines in addition to high speed copying. 
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The present invention has been accomplished in tiie light of the aforementioned problems. The object of this inven- 
50 tion is to provide a toner in a one-component developer and a two-component developer which toner leads to produce 
a higher grade copy image in an electrophotographic copier or printer, that is, the toner excellent in fixability, offset pre- 
venting properties and heat response characteristic. 

Disclosure of the Invention 

55 

The present invention provides a toner for electrophotography which develops an electrostatically charged image, 
the toner at least containing a coloring agent, a binder resin, a charge control agent, and a functioning agent, wherein 
low molecular weight polyolefin wax obtained by using a metaliocene type polymerization catalyst is contained as tiie 
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functioning agent. 

As a preferred embodiment, the invention also provides the toner for electrophotography in which the low molecular 
weight polyolefin wax has a number average molecular weight, Mn. of 1 ,000 to 15,000 and a weight average molecular 
weight, Mw, of 1 ,000 to 30,000 as measured by the GPC method, and the Mw/Mn ratio is within the range from 1 to 2. 

5 As another pretended embodiment, the invention also provides the toner for electrophotography in which the low molec- 
ular weight polyolefin wax comprises a polyolefin selected from homopoiymers of alpha olefins, copolymers of alpha 
olefins with other alpha olefins, and copolymers of alpha olefins with cycloolefins. 

To attain the aforementioned object, we, the inventors, have noted that the Mw/Mn ratio of polyolefins polymerized 
commercially using conventional catalysts exceeds 2. while the Mw/Mn ratio of polyolefins polymerized using metal- 

10 locene catalysts can be controlled to be within the range from 1 to 2. Thus, we have considered that the use of such 
polyolefins as functioning agents is one of the way improving the fixability. offset preventing properties and heat 
response characteristic of toner. The present invention has been accomplished on the basis of such findings. A toner 
using wax satisfying these characteristics as a functioning agent can affect the binder resin, and serve as a toner for 
producing a high grade copy image, that is, the toner which is excellent in fixing strength, offset preventing properties 

75 and heat response characteristic, and which fulfills social demand, i.e.. saving in electric power, high speed operation, 
and downsizing of an electrophotographic copier or printer. The toner of the present invention is used as a toner for 
electrophotography of a heat imng type, such as a heat roller fixing type. The toner of the roller fixing type may concur- 
rently have pressure fixing properties. The toner of the present invention is used in electrophotographic copiers or print- 
ers employing inorganic photosensitive materials or organic photosensitive materials such as organic photoconductors 

20 (OPC). 

Details of the present invention wilt be offered below. 

The toner for electrophotography of the present invention is characterized in that the functioning agent is low molec- 
ular weight polyolefin wax obtained by using a metallocene type polymerization catalyst. 

The metallocene type polymerization catalyst as used herein refers to a catalyst system comprising (A) a molecule 
25 of a sandwich structure and (B) aluminoxane. the molecule (A) comprising two cyclopentadienyl rings or substituted 
cyclopentacfienyl rings covalently bonded to a transition metal selected from tiie Groups I Vb, Vb and VIb of the periodic 
table, such as titanium, zirconium, hafnium, vanadium or chromium. 

Examples of tiie low molecular weight polyolefin wax obtained by using the metallocene type polymerization cata- 
lyst are homopoiymers of alpha olefins such as ethylene and propylene, copolymers of alpha olefins with other alpha 
30 olefins, and copolymers of alpha olefins with cyclic olefin compounds (e.g. cydohexene and norbornene). 

Preferably, the low molecular weight polyolefin wax has a number average molecular weight, Mn, of 1 ,000 to 1 5,000 
and a weight average molecular weight, Mw, of 1,000 to 30,000 as measured by the GPC metiiod, and its Mw/Mn ratio 
is within tiie range from 1 to 2. 

The low molecular weight polyolefin wax obtained using the metallocene type polymerization catalyst is monodis- 
35 perse as indicated by its very low Mw/Mn ratio, and involves very small heat of fusion. Thus, the use of this wax is esti- 
mated to easily obtain a toner witii excellent heat response characteristic. This affects the fixing properties of tiie toner 
during high speed operation, and tiie offset-free temperature range of tiie toner, thereby contributing to upgrading a 
copy image and saving electric power. 

The toner of tiie present invention can be obtained by adding the foregoing functioning agent to a binder resin, a 
40 coloring agent and a charge control agent, and if desired, further addition of otiier additives, and processing by known 
methods such as kneading, grinding and sifting are possibly made. If desired, a flowing agent may be furtiier added. 

As the binder resin tiiere may be used any known ones. Examples include homopoiymers of styrene and its sub- 
stituted compounds, such as polystyrene, poly p-chlorostyrene and polyvinyltoluene; styrene copolymers, such as sty- 
rene-p-chlorostyrene copolymer, styrene-propylene copolymer, styrene-vinyltoluene copolymer, styrene- 
45 vinylnaphthalene copolymer, styrene-methyl acrylate copolymer, styrene-ethyl acrylate copolymer, styrene-butyl acr- 
ylate copolymer, styrene-octyl acrylate copolymer, styrene-methyl methacrylate copolymer, styrene-ethyl methacrylate 
copolymer, styrene-butyl methacrylate copolymer, styrene-methyl a-chloromethacrylate copolymer, styrene-acryloni- 
trile copolymer, styrene-vinyl methyl etiier copolymer, styrene-vinyl ethyl ether copolymer, styrene-vinyl methyl ketone 
copolymer, styrene-butadiene copolymer, styrene-isoprene copolymer, styrene-acrylonitrile-indene copolymer, sty- 
50 rene-maleic add copolymer, and styrene-maleic acid ester copolymer; polymethyl metiiacrylate; polybutyl methacr- 
ylate; polyvinyl chloride; polyvinyl acetate; polyethylene; polypropylene; polyesters; polyuretiianes; polyamides; epoxy 
resins; polyvinyl butyral; polyacrylates; rosin; modified rosin; terpene resin; phenolic resins; aliphatic or alicydic hydro- 
carbon resins; aromatic petroleum resins; chlorinated paraffin; and paraffin wax. These compounds may be used alone 
or in combination. 

55 The coloring agent may be a known one. such as carbon black, iron oxide pigment, phthalocyanine blue, phthalo- 
cyanine green, rhodamine 6G lake, or Watchung red strontium. 

Examples of the charge control agent are known ones such as Nigrosine dyes, fatty acid modified Nigrosine dyes, 
metallized Nigrosine dyes, metallized fatty acid modified Nigrosine dyes, and chromium complexes of 3,5-di-tert-butyl- 
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salicylic acid. 

To the toner of the present invention, there may be further added a flowing agent such as colloidal silica, aluminum 
oxide or titanium oxide, and a lubricant conprising a fatty acid metal salt such as barium stearate. calcium stearate or 
bamm laurate. 

The toner of the invention may be used as a toner for one component developers or two component developers. 
Moreover, the toner of the invention may be used as a one component magnetic toner by incorporating a magnetic pow- 
der, or may be used as a full color toner. 

The present invention will be described in more detail by reference to Examples and Comparative Examples. 

CToner preparation metiiod) 

Eight % by weight of carbon black (MA-7, Mitsubishi Kagaku), 2% by weight of a charge control agent (Copy Blue 
RP, Hoechst), 4% by weight of aerosol silica (HDK-H2000, Wacker Chemie), 84% by weight of a binder resin (MC100. 
Nippon Carbide), and 2% by weight of control wax as a function imparting agent were mixed, and melt kneaded at 1 SOq 
C by a two roll mill. Then, the mixture was cooled down to solidification, and crushed, followed by powderizing tiie par- 
ticles using a jet mill. The resulting fine particles were sifted to select particles with an average particle diameter of 
about 10 micrometers, thereby preparing a toner. 

Example 1 

in the above-described toner preparation method. T-516 (a product of Hoechst, a low molecular weight poiyolefin 
resin produced by a metallocene type polymerization catalyst) was used as wax to prepare a toner of Example 1 . 

Example 2 

In the above-described toner preparation method, T-668 (a product of Hoechst, a low molecular weight poiyolefin 
resin produced by a metallocene type polymerization catalyst) was used as wax to prepare a toner of Example 2. 

Exanrple 3 

In the above-described toner preparation method. T-692 (a product of Hoechst, a low molecular weight poiyolefin 
resin produced by a metallocene type polymerization catalyst) was used as wax to prepare a toner of Example 3. 

Example 4 

In tiie above-described toner preparation method, T-246 (a product of Hoechst. a low molecular wdght poiyolefin 
resin produced by a metallocene type polymerization catalyst) was used as wax to prepare a toner of Example 4. 

Comparative Example 1 

In the above-described toner preparation method, polyethylene wax obtained by polymerization using a Ziegler- 
Natta catalyst (the wax called Hoechst Wax PE190. a product of Hoechst) was used as wax to prepare a toner of Com- 
parative Example 1. 

Comparative Example 2 

In the above-described toner preparation method, polyethylene wax obtained by polymerization using a Ziegler- 
Natta catalyst (Hoechst Wax PE130. a product of Hoechst) was used as wax to prepare a toner of Comparative Exam- 
ple 2. 

Comparative Example 3 

In tiie above-described toner preparation method, depolymerization type polypropylene wax (Viscol 550P, Sanyo 
Kasei Kogyo) was used as wax to prepare a toner of Comparative Exanple 3. 

Comparative Example 4 

In ttie above-described toner preparation method, depolymerization type polypropylene wax (Viscol 660P. Sanyo 
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Kasei Kbgyo) was used as wax to prepare a toner of Comparative Example 4. 

Table 2 shows the fundamental properties of the polyoleffin resins polymerised by the metallocene catalyst method 
that were used in the present invention. 



Table 2 
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The toners prepared in the Exanples and Comparative Examples were each fed to a commercially available elec- 
trophotographic copier (NP9800, Canon Inc., for high speed operation; PC100, Canon Inc., for low speed operation), 
20 and subjected to performance tests. The results are shown in Table 3. Table 3 shows that the toners of the Examples 
are superior to the toners of the Comparative Examples in all of the fixability, the offset preventing properties, and anti- 
spent toner properties. In terms of storage stability essential for the performance of toner, the toners of the Examples 
were free from problems, such as blocking, under the predetermined conditions, and gave satisfactory results. 

25 
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45 Evaluation methods and evaluation criteria 

1) Fixability (in high speed operation and low speed operation) 

The toners prepared with the respective formulations were each used for copying onto recycled papers at a copying 
50 rate of 100 copies/min at a fixing temperature of 170 to 200''C for high speed operation, or at a copying rate of 10 cop- 
ies/min at a fi)dng temperature of 120 to 140**C for low speed operation, with the fi)dng temperature for each copying 
cycle being raised by lO^'C . The resulting copy samples were rubbed 10 times with an eraser by using an abrasion 
tester of Southerland. The load during the test was 40 g/cm^. The tested samples were measured for the printing den- 
sity using a Macbeth reflection densitometer. The symbol X was assigned when even one of the measure values at 
55 the respective temperatures was 65% or less. The symbol a was assigned when the measured values at the respective 
temperatures were 66 to 75%. The symbol O assigned when the measured values at the respective temperatures 
were 76% or more. 
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2) Offset preventing effect 

The toners prepared with the respective formulations were each subjected to actual copying tests at a copying rate 
of 100 copies/min at a fixing temperature of 140 to 240'*C, with the fixing temperature for each copying cycle being 

5 raised by S'^C. The gray scale chart was utilized for the tests. A smudge of the fixing roll during the test was evaluated 
visually. Simultaneously, the resulting copied samples were examined by means of a Macbeth reflection densitometer. 
The samples were evaluated as offset-free when they were free from smudges on the fixing roil and in the non-image 
areas of copying papers (recycled papers) at the respective temperatures. The symbol O assigned when the low 
temperature region of the offset-free tenperatures (roll temperatures) was lower than 140^0; a when this low temper- 

10 ature region was 140 to IGO^'C; and X when this low temperature region was higher than 160°C . The symbol O 
assigned when the high tenperature region of the offset-free temperatures (roll temperatures) was higher than 230*0; 
A when this high temperature region was 200 to 230*'C; and X when this high tenperature region was lower than 200''C. 

3) Storage stability 

IS 

The toners prepared with the respective formulations were each stored for 8 hours under the conditions SO^'C and 
50% RH. Then, the stored toner was sifted through a 100-mesh, whereafter the amount of the toner remaining on the 
mesh was divided by the amount of the sample used, and expressed as a percentage (the result to be hereinafter called 
mesh residue). When the toner particles agglomerate during storage, this value increases. The main cause of the 
20 agglomeration is low melting substances with a melting point of 50^C or lower that are contained in the toner conposi- 
tion. The toner with a mesh residue of less than 0.5% was evaluated as 0> toner with a mesh residue of 0.5 to 1 .0% 
was evaluated as a, and the toner with a mesh residue of more than 1 .0% was evaluated as X. 

4) Anti-spent toner properties 

25 

The toners prepared with the respective formulations were each used for copying. The resulting copy image in the 
initial stage and the copy image after copying of 50,000 papers were checked against sample images of Data Quest. 
The ratio of the refl^ion density of each copy image to that of the reflection density of the sample image, on the gray 
scale, was determined by means of a Macbetii reflection densitometer. This ratio was obtained for both of tiie image 

30 obtained in the initial stage and ttie image after 50,000 copies. When both ratios differed by 35% or more, X was 
assigned. For a difference of 34 to 10%, a was assigned, and for a difference of 9% or less, O was assigned. 

The toner for electrophotography of the present invention contains a functioning agent which is low molecular 
weight polyolefin wax obtained by using a metallocene polymerization catalyst. Thus, this toner has inprovements in 
f ixability, offset preventing properties, anti-spent toner properties, and storage stability. Hence, it can contribute to sav- 

35 ing in electricity, downsizing and high speed operation of electrophotographic copiers or printers. 

Claims 

1 . A toner for electrophotography which develops an electrostatically charged image, said toner at least containing a 
40 coloring agent, a binder resin, a charge control agent, and a functioning agent, wherein low molecular weight poly- 
olefin wax obtained by using a metallocene type polymerization catalyst is contained as said functioning agent. 

2. The toner for electrophotography of claim 1 , wherein said tow molecular weight polyolefin wax has a number aver- 
age molecular weight, Mn, of 1,000 to 15.000 and a weight average molecular weight, Mw. of 1.000 to 30,000 as 

45 measured by tiie GPC mettiod. and tiie Mw/Mn ratio is within the range from 1 to 2. 

3. The toner for electrophotography of claim 1 or 2, wherein said low molecular weight polyolefin wax comprises a 
polyolefin selected from homopolymers of alpha olefins, copolymers of alpha olefins with other alpha olefins, and 
copolymers of alpha olefins with cycloolefins. 

50 
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